O-rings have been applied to mechanically moving parts for preventing oil, air, and dust so far. In order to achieve the electromagnetic wave shielding effect, we developed conductive O-rings made of carbon impregnated rubbers in which short conductive fillers are dispersed. The inner and outer diameters of the O-ring studied here are 20, 25mm, and its thickness is 2.5mm.
O-rings have been applied to mechanically moving parts for preventing oil, air, and dust so far. In order to achieve the electromagnetic wave shielding effect, we developed conductive O-rings made of carbon impregnated rubbers in which short conductive fillers are dispersed. The inner and outer diameters of the O-ring studied here are 20, 25mm, and its thickness is 2.5mm.
When the O-rings are used as shielding gaskets, they are fixed into gaps between two metal plates. There are two ways in fixing O-rings, called cylinder-fixing and plane-fixing. Fiure 1 shows the cross section views of the sample holder proposed here for cylinder-fixing and plane-fixing types. From the view point of electromagnetic wave propagation, the cylinder-fixing and plane-fixing type O-rings are considered to be the gaskets inserted into a coaxial line and a parallel plate radial line, respectively. O-rings are compressed to 80% in thickness to obtain good electrical contact between the O-ring surface and mating conductor surfaces. The both ends of the holder are connected to Network Analyzer through 50Ω coaxial cables. The reflection coefficient Γ of this holder are less than -10dB below 1GHz, and the transmission coefficient T are almost 0dB. Figure 2 shows the examples of the measured shielding values for cylinder-fixing O-rings made of EPDM (Ethylene Propylene) rubber. The conductive filler amounts are 0, 40, and 70phr. Mixing the conductive fillers makes the shielding effect increase by 20-30dB.
The shielding effects shown in Fig.2 have frequency dependencies, for example, | T | of 70phr O-ring is around -39dB in the range less than 1MHz while -50dB higher than 10MHz. The frequency characteristics of | T | lead the lumped equivalent circuit of the material as shown in Fig.3 , where R 1 +R 2 and R 2 correspond to | T | values of the ranges lower than 1MHz and higher than 10MHz, respectively.
The shielding effect of the conductive material has often been simply defined by the material conductivity measured by DC, however, the shielding properties in Fig.2 imply that this conventional method using DC conductivity can be applied only in low frequency region. The shielding effect over wide frequency range of our O-ring can be obtained by the equivalent circuit in Fig.3 . Figure 4 shows the calculated permittivity ε r of 70phr O-ring. In the frequency range less than 1MHz and higher than 10MHz, ε r " are much higher than ε r '. In these condition, the shielding effect can be calculated by the material conductivity 1/(R 1 +R 2 ) (in low frequencies) and 1/R 2 (in high frequencies). While, in the range from 1MHz to 10MHz, ε r ' and ε r " have almost the same values, which indicate that the shielding effect depend on capacitance C 1 in Fig.3 and shows the frequency dependencies. The reflection and transmission characteristics of this setup and measured results of electromagnetic shielding effects are described. Anisotropic conductivity of the ring material and an equivalent circuit of the O-rings are discussed.
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